The objective of this present study is to establish a model in the rat for the study of female clitoral and vaginal vascular changes during sexual excitation. A laser Doppler was used to measure blood ow changes following clitoral and pelvic plexus nerve stimulations. Results show an increase in clitoral blood¯ow following clitoral nerve (df 1 12, df 2 108, F 21.4, P`0.001) and pelvic plexus nerve stimulations (n 3). A vaginal blood¯ow increase is also observed following pelvic plexus nerve stimulations (df 1 12, df 2 108, F 4.75, P`0.001). The female rat can therefore be used as a model for the study of the physiology, pharmacology and sexual dysfunction relating to blood¯ow in clitoral and vaginal tissue.
Introduction
Arousability in female sexuality is de®ned as the ability to attain and maintain a lubrication-swelling response during sexual activity. 1 Sexual vascular responses in females include erection of the clitoris and congestion of the lower third of the vagina with transudation of¯uids on the vaginal surface. 2 Defects in neurovascular mechanisms that accompany arousability will lead to sexual dysfunction and consequently, to somatic complications and psychosocial burden in women.
The objective of this present study is to establish a model in the rat for the study of female clitoral and vaginal vascular changes during sexual excitation. A laser Doppler was used to measure blood¯ow changes following clitoral and pelvic plexus nerve stimulations. Data gathered from these experiments will establish baseline values for future physiological and pharmacological studies of sexual arousal as well as pathological changes occurring in female sexual dysfunctions.
Materials and methods
Ten female Sprague-Dawley rats (Charles River, Canada) weighing between 250±300 g were used in this study. Under general anesthesia with pentobarbitol (60 mgakg, MTC Pharmaceuticals, Cambridge, Ontario) the dorsal clitoral nerves were isolated following a mid-line incision of the skin immediately cranial to the clitoris. A laser Doppler probe (diameter 0.5 mm, Transonic Systems, Ithaca, New York) was placed on the surface of the clitoral glans to measure capillary blood¯ow. The re¯ected laser light is registered on a photodetector and is proportional to red blood cell velocity. 3 The probe was attached to a¯owmeter (ALF-21, Transonic Systems, Ithaca, New York). The laser Doppler¯ow-meter was calibrated to an internal standard. A drop of mineral oil was placed at the tip of the probe for proper blood¯ow readings in units of mlamina100 g of tissue. Stimulations of the dorsal clitoral nerve as well as the ventral aspect of the neuro-vascular bundle ( Figure 1 ) leading to the clitoris, were done while recording capillary blood¯ow changes with the laser doppler. Electrostimulation was performed with a stainless-steel bipolar hook electrode. Rectangular monophasic pulses were delivered by a signal generator (MacLab 8S stimulus isolator, ADinstruments, Australia). Stimulus parameters were a current of 2 mA, frequency 20 Hz, pulse width 0.2 ms and a duration of 5 s.
Following the recordings from clitoral tissue, the abdomen was incised and the symphysis pubis was cut to gain access to the full length of the vagina and to visualize the pelvic plexus nerves. For peritoneal vaginal wall recordings, a plastic tube with an external diameter of 0.5 mm, was placed within the vagina to distend it. Vaginal recordings were also taken while the laser doppler probe was placed directly in the vagina following the removal of the plastic tube.
Using a dissecting microscope (6Â), the pelvic plexus nerves were isolated for electrostimulation ( Figure 2 ). Nerves innervating the vagina are derived from the pelvic ganglion and are located in the mesometrium along with blood vessels. 4, 5 Nerves were isolated and stimulated in a cranial to caudal fashion starting with the nerves innervating the external sphincter of the bladder. Upon stimulation, a contraction of the sphincter and the bladder could be clearly observed. Responses were recorded when nerve stimulations resulted in an increase in vaginal blood¯ow. Electrostimulation parameters were identical to those of the dorsal clitoral nerve stimulation.
Baseline recordings were taken every 5 s for 30 s prior to electrostimulation. Nerve stimulations lasted 5 s and blood¯ow was recorded every second. Following electrostimulation, blood¯ow was recorded every 5 s for a duration of 30 s. Statistical analysis was performed to compare baseline to electrostimulation blood¯ow values. For statistical analysis, a repeated measured design was used to calculate an F ratio.
Results
In the ten female rats, clitoral blood¯ow changes following stimulation of the dorsal clitoral nerve are shown in Figure 3 . Results demonstrate an immediate increase in blood¯ow following stimulations (df 1 12, df 2 108, F 21.4, P`0.001). Average baseline and electrostimulation blood¯ow values are 9.44 AE 3.6 and 16.35 AE 5.8 mlamina100 g respectively. In three rats, clitoral blood¯ow increased from 8.97 AE 1.5 to 13.7 AE 1.94 mlamina100 g following pelvic plexus nerve stimulation. A decrease in blood¯ow from 8.4 AE 3.15 to 4.3 AE 1.35mlamina 100 g was observed following stimulation of the ventral aspect of the neuro-vascular bundle. 
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Vaginal blood¯ow recorded from the laser probe placed on the peritoneal wall of the vagina are shown in Figure 4 . Results show an immediate increase in vaginal blood¯ow following pelvic plexus nerve stimulations (df 1 12, df 2 108, F 4.75, P`0.001). Average baseline and electrostimulation values are 6.3 AE 4.7 and 25.8 AE 9.5 mlamina100 g respectively. In three rats where the laser Doppler probe was placed in the vagina to record blood¯ow changes following pelvic plexus nerve stimulation, increases in blood¯ow from 3.35 AE 0.22 to 8.35 AE 0.59 were recorded.
Discussion
Results show that clitoral and vaginal blood¯ow increase during the stimulation of the dorsal clitoral and pelvic plexus nerves respectively. Stimulation of the pelvic plexus nerves also leads to increase clitoral blood¯ow, however this was only demonstrated in three animals. To lend support to the methodology used and the results obtained in this study, decreases in clitoral blood¯ow were recorded following stimulation of the ventral aspect of neurovascular bundle leading to the clitoris. This can be explained either by a vasospasm in the clitoral artery or stimulation of sympathetic ®bres.
The parasympathetic component of the autonomic nervous system is responsible for the clitoral swelling during sexual excitation as well as the lubrication, vasocongestion and lengthening of the vagina. 2, 6 These physiological changes are associated with an increase in blood¯ow and would therefore be mediated by the parasympathetic system suggesting that pelvic nerve stimulations were performed on parasympathetic ®bres.
Previous studies have demonstrated the importance of the male rat model in erectile function and dysfunction. In males, stimulation of the cavernous nerve or the dorsal penile nerve 7±12 have shown an arterial blood¯ow increases in the corpora cavernosa, and consequently an erection is obtained. This increase in blood¯ow is triggered by smooth muscle relaxation. After sexual stimulation, women experience increases in vaginal lubrication and clitoral erection that are triggered by an increase in blood ow in pelvic organs. Our model has shown the same physiological response and will enable us to study sexual dysfunction.
Different neuromodulators have been identi®ed that play a role in clitoral and penile erection as well as lubrication of the vagina during arousal. Nitric oxide has been thought of as the main neuromodulator implicated in the initiation and maintenance of penile erection. 13 Since there are many homologies between male and female sexual tissues.
14 it is possible that nitric oxide is an important neurotransmitter in smooth muscle relaxation in the clitoris and vagina. In humans, nitric oxide synthase isoforms are present in clitoral 15 and vaginal 16 tissue and therefore nitric oxide donors may play a role in controlling blood¯ow in these tissues. Studies in laboratory animals 17±20 and farm animals 21 also show that nitric oxide may play a role in female genital organs such as neurogenic vasodilation and relaxation of smooth muscles. Other vasoactive peptides with relaxant properties, such as vasoactive intestinal polypeptide (VIP), have been shown to be present in the vaginal tissue of animals 22, 23 and humans 24, 25 . In humans, VIP increases blood¯ow in the vagina and provokes vaginal lubrication. 26, 27 No comparative study has been done in the same animal species to localise different vasoactive neuropeptides that are important in the regulation of vascular and smooth muscle control of the vagina and clitoris of female rats.
Increases in blood¯ow of clitoral and vaginal tissue during nerve stimulations has been shown in Increases in clitoral and vaginal blood¯ow P Vachon et al rabbits and dogs. 28, 29 Using laser Doppler¯owmetry in rabbits, clitoral and vaginal blood¯ow increases are 100% and 160% respectively following pelvic nerve stimulation. In female dogs, clitoral pressure measured directly with a needle placed in the corpus cavernosal tissue show a 62% increase following cavernous nerve stimulation. Our results show that clitoral and vaginal blood¯ows increase by 37% and 309% respectively following stimulations of the clitoral and pelvic plexus nerve stimulations. The female rat is therefore a good model for the study of human sexual dysfunction relating to different pathologies affecting the pelvic vasculature.
Most sexual problems that occur in menopausal women are due to inadequate lubrication caused by estrogen deprivation. 30 Estrogens have been associated with an increase in the vascular bed of sexual organs. A better understanding of the neurovascular control and physiology of sexual organs in aging female rats could lead to new therapies to problems such as dyspaneuria and vaginal dryness. Sexual problems have also been documented in diabetic women. A review on diabetes and sexuality has recently been published by Enzlin et al.
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Diabetes is a well known cause of male impotence and therefore it is not surprising that similar sexual dysfunction would be present in diabetic females. Impaired sexual function in diabetes mellitus causes problems with vaginal lubrication and has no in¯uence on orgasm. Diabetic women have problems with sexual arousal and this being twice the prevalence observed in the general population.
Very few studies have been done to understand the physiological changes in clitoral and vaginal tissue associated with female sexual function. Another female rat model for the study of sexual function has been established by McKenna et al. 32 In this model vaginal and uterine contractions and rhythmic contractions of the perineal muscles were recorded following urethral stimulation. The use of the urethrogenital re¯ex gives a valuable model for the study of neural mechanisms of sexual function. Since these studies mainly focus on the neural control of smooth and striated muscle contractions it would be of interest to measure simultaneously vascular and muscular changes during the urethrogenital re¯ex in normal and pathological animals.
Our results show that blood¯ow changes can be measured in the female rat during nerve stimulation. The rat can therefore be used as a model for the study of physiology, pharmacology and sexual dysfunction relating to blood¯ow of clitoral and vaginal tissue. Compared to other animal models mentioned in this paper, the female rat seems a more interesting model to study female arousability since a greater number of systemic and genetic anomalies are available in this species and because of the lower costs for purchase and maintenance.
